INTRODUCTION
The City of Rogers is one of the fastest growing communities in Arkansas. Located in Northwest Arkansas, Rogers lies in two primary watersheds; the Illinois River Watershed and Beaver Lake Watershed. The Illinois River Watershed receives municipal wastewater discharge from most of the metropolitan communities in Northwest Arkansas, along with nonpoint source urban and agricultural runoff. The Illinois River originates in Arkansas and flows west into Oklahoma where it is classified as a scenic river. The river has been a source of interstate disputes for a number of years. A federal interstate compact commission was established to mediate these disputes, especially concerning high levels of phosphorus, which is perceived to degrade in-stream water quality as well as to accelerate eutrophication of an Oklahoma reservoir. Recent developments include establishment of in-stream phosphorus limits of 0.037 mg/l for Oklahoma scenic rivers (current base-flow only levels at the state line are around 0.1 mg/l) and an EPA mandate that the Spring Creek and Osage Creek be included on Arkansas' 303d list for impacts by high levels of nutrients.
A growing concern about sediment and phosphorus loading into the Illinois River led the City of Rogers to submit a proposal for and receive EPA 319 Nonpoint Source grant funding. That funding established a water quality monitoring station on Osage Creek in 2001. Osage Creek is the tributary of the Illinois River which originates in and drains most of the City of Rogers. The monitoring station was established at a USGS gauging station on the Osage Creek at Highway112 (USGS# 07194880, watershed area = 34.7 miles 2 ) located just below the city limits of Rogers and about a mile below the City's wastewater treatment plant (WWTP) and 200 acre sludge application area (figure 1).
Water quality sampling at the Highway 112 Bridge over Osage Creek was initiated on January 1, 2001. A report prepared in 2003 detailed the results for the sampling at this site for the calendar years 2001 and 2002 (Nelson, Diffin, 2003) . Also included were sampling results from two additional sampling sites located above the Highway 112 site. One of the monitoring sites is located above the City of Rogers WWTP discharge while the second site is located below the WWTP discharge and sludge application area. These sites are referenced in this report as above outfall and below outfall (figure2). They are located above and below the City of Rogers WWTP discharge and sludge application area (figure 2). This report details the results of continued sampling at the three sites (Highway 112, above outfall, below outfall) 
METHODS
All three sites use ISCO automatic sampling equipment to collect flow-weighted composite samples from all storm events. Each site has stage measuring and recording equipment. Each site has a rating curve developed that relates discharge to stage. The site at the Highway 112 Bridge is a USGS maintained gauging station. The other two sites were installed by Rogers Water Utilities (RWU) personnel. The USGS developed the rating curve for the Highway 112 site. RWU, in conjunction with Nelson Engineering, developed the rating curves for the above outfall and below outfall sites. These curves were developed using HEC-RAS models and validated with field measurements (Figure 3 & 4) . The modeled curve was approximated using a best fit power curve for calculations. Samples have been collected at all three sites since 2001. All storm events were sampled (attempted) at each site when the stage was above a fixed trigger level. Trigger levels were set initially so that each sampler triggered at approximately the same level during storm events. During the project as conditions changed the trigger levels and the rating curves were adjusted up or down to compensate for shifts due to such factors as transducer offset changes, relocated transducer or gravel accretion.
Grab samples were collected during base-flow conditions. These grabs were collected intermittently in the first three years of the project and weekly in the last three years of the project. All samples were collected by RWU personnel and transported immediately to the RWU laboratory (certified by ADEQ) for analysis. All samples were analyzed for total phosphorus, soluble reactive phosphate, TKN (or TN), nitrate, ammonia and TSS.
Discharge and analytical results were combined in a spreadsheet to calculate annual discharge, annual parameter loads and annual mean concentrations for each site as total flow, storm-flow only and base-flow only. These loads were calculated by assigning each 15 minute period during the year a discharge and a concentration. The 15 minute loads were then summed for the year. Base-flow sample results (below trigger level) are applied only to base-flows and storm flow samples only to storm flows (above trigger levels). Any time periods that do not have samples collected (example: portion of storm event missed) are assigned the annual mean concentration (either storm or base) determined for the year.
The Rogers WWTP also monitored its effluent during this time period for the same parameters. The results are available in daily average values and are comparable to the Osage monitoring results. The WWTP values were provided as daily average values which were evenly distributed throughout the day. The segregation of the discharges between base and storm-flows was done using the stage measurements from the below outfall monitoring station. When the below-outfall station was above trigger level, the plant discharge was considered a storm discharge.
This sampling and load calculation method is the same method that has been applied to the Illinois River at the Highway 59 Bridge (just before entering Oklahoma) since 1997 by the Arkansas Water Resources Center. It is the most accurate method being used for assessing nutrient and sediment loadings in streams. A QAPP was approved for the Osage sampling in 2001 and was current for the duration of the 319 project that funded the first two years of the project. Although not resubmitted for approval at the project end in 2003, the protocol has remained the same. The Illinois River site at Highway 59 has had an approved QAPP each year.
RESULTS
The results for the four years of water quality sampling at the three sites on Osage Creek below Rogers and the Rogers wastewater treatment facility are summarized by site as annual values. Each site's summary provides total loads for each measured parameter, total mean concentrations, storm-flow loads, storm-flow concentrations, base-flow loads and base-flow concentrations. Concentrations are all annual flow-weighted mean values calculated by dividing the annual load by the annual discharge. The trigger level set for each site is the dividing line between base-flow and storm-flow. The wastewater treatment plant discharge, loads and concentrations are summarized in the same fashion. These site summaries are in Tables A1 through A4 in the appendix.
The results are also summarized by year. Each year has the values for total loads for each measured parameter, total mean concentrations, storm-flow loads, storm-flow concentrations, base-flow loads and base-flow concentrations. The values are summarized by site in ascending stream order (upper to lower). These summaries are located in the appendix in Tables A5 through A8.
All of these results are summarized for the project time period in Tables 1 and 2 There were a total of 1,085 samples collected, analyzed and used to calculate loadings at the three sampling sites during the four years of the project. 
DISCUSSION
This discussion will focus on the results for phosphorus since the focus in the Illinois River watershed has been on the phosphorus levels in the stream reaches and at the state line. It should be noted that nitrogen and sediment values are high and are of increasing concern.
The above outfall values represent the impacts from nonpoint sources (NPS) within the Osage Creek watershed in the City of Rogers. Storm-flow values represent the direct NPS impacts. That is, runoff during storm events carries nutrients and sediment from the surface into the creeks. The high flows also erode stream banks and suspend sediments from the stream bottoms. These are NPS direct impacts. Base-flow values represent the indirect NPS impacts from the City since there are no point sources above this station. The sediments that are deposited in the stream as the velocities drop contain nutrients that form equilibrium with stream base-flows. These are indirect NPS impacts. Groundwater also has an impact especially for nitrogen, but for sediment and phosphorus the impact is minimal. Table 3 summarizes direct and indirect impacts on base and storm-flows. The below outfall values represent the NPS impact from Rogers, the point source (PS) impacts from the WWTP discharge as well as the NPS impacts from the Rogers sludge application area surrounding the plant. Most of this area drains to the creek above the below outfall sampling point. However, some drains to the creek below the sampling point. In addition, a small creek joins the Osage from north of the application area between the above outfall and below outfall sampling sites.
The Highway 112 measured values represent the impacts at the below outfall site plus the remaining storm flows from the sludge application area and the NPS impacts from the watershed area between the sites. This area contains a large golf course surrounding the creek that was constructed in 2002.
Using these relationships, the phosphorus impacts from the different sources can be calculated from the average annual values. The total NPS phosphorus impact from the City of Rogers upstream of the above outfall site averaged 1,634 kg. The direct portion was 1,274 kg or 78% and the indirect portion was 360 kg or 22%. The plant discharge was 4,750 kg phosphorus and was 72% of the phosphorus measured at the below outfall site. The plant and above outfall phosphorus constituted 96% of the phosphorus at the below outfall site. The remaining 239 kg was from runoff from the sludge application area and the small creek. The volume of this runoff was 3,016,535 m 3 and the mean concentration was 0.08 mg/l, a lower concentration than the total NPS impacts from the City at the above outfall site (0.17 mg/l). Thus, the sludge application area had a lower impact than the average NPS impacts in the watershed.
The area between the below outfall and the Highway 112 sites contributed a significant portion of the total flow phosphorus in the watershed. 56% of the phosphorus measured at Highway 112 was from this area. This area contains both the golf course and some of the overland flow from a section of the sludge application area and the relative contribution from each are not known. However, since a major portion of the sludge application area contributed only 208 kg, this minor portion of the application area probably contributed less. Thus, the phosphorus impact from the golf course and surrounding area is approximately 5,500 kg, which is similar to the WWTP impact (5,231kg). The relative contributions of PS and NPS to base-flow and storm-flow at the Highway 112 Bridge are summarized in figure 5. Table 4 lists the percent of the Illinois River at Highway 59 loads measured at each of the sites. The below outfall values represented 7% of the volume at the state line and 5% of the phosphorus. Thus the contribution of Rogers NPS and PS phosphorus was on average approximately the same as the rest of the watershed. This is a slightly larger volume per area than the average for the watershed but two factors must be considered to contribute to this. The plant discharge is water that originated from Beaver Lake and the impervious surface area of the city is greater than the watershed average. Both of these factors contribute to the greater discharge for this area. The exact area is unknown. However, the watershed area at the Highway 59 Bridge is 575 square miles and the area at the Highway 112 Bridge is 34.7 square miles or 6% and the area for below outfall is somewhat less than this. The plant discharge constituted 2% of the volume at the Highway 59 Bridge and 3% of the total flow phosphorus at the bridge. It was 14% of the base-flow phosphorus measured at the Highway 59 Bridge. The relative contributions of PS and NPS to base-flow and storm-flow in the Illinois River at the Highway 59 Bridge for 2006 are summarized in figure 6. Historically the PS contribution of phosphorus in this watershed has been much higher. A study in 2002 determined that 43% of the phosphorus measured at the Highway 59 Bridge was from the four municipal WWTPs in the watershed (Nelson, White 2002, Figure 7 shows the correlation between base-flow phosphorus at the Highway 59 Bridge and the WWTP discharges. The phosphorus load inputs and outputs are summarized in Table 5 ( Nelson et. al., 2006) . 
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WWTP inputs
Base-flow outputs The same study concluded that 57% of the four WWTP's phosphorus was contributing to the base-flow phosphorus at the Highway 59 Bridge (direct PS impact) and the remaining 43% was contributing phosphorus to the storm flows (indirect PS impact). This indirect PS impact occurs because phosphorus is adsorbed by the sediments and taken up by the biological community in the stream during base-flows and then re-suspended and washed downstream during storm-flows. The combined WWTP phosphorus value was estimated to account for 88% of the base-flow phosphorus at the 59 Bridge. The remaining 12% of base-flow phosphorus was indirect NPS impact and that amounted to an average of 8,000 kg per year.
Osage Creek below Rogers has been listed on Arkansas' 303D list and may require a TMDL or watershed management plan that allocates phosphorus loads to PS and NPS sources. In addition, the State of Oklahoma has set a 0.037 mg/l limit for phosphorus in the Illinois River. The following tables illustrate some scenarios for calculating WWTP discharge limits. Tables 6 to 8 show the discharge concentration by each of the 4 WWTPs in the watershed that would be required to meet the 0.037 mg/l phosphorus concentration limit at the state line during base-flows only. These calculations are made by dividing the total allowable PS discharge by 4 to approximate the value that any one of the four could discharge. This is only an approximation because all 4 WWTPs do not discharge the same volumes. A method to equitably divide the totals among the 4 (or 5 in the future) would need to be used in the actual allocation process. /s). The flow multiplied by the target concentration of 0.037 yields the baseflow P value of 9,101 kg. The amount of indirect NPS impacts at the Highway 59 Bridge is varied above and below the 8,000 kg/ year estimated from 1997 to 2001. The 9,101 kg of base-flow minus the NPS contribution leaves the PS contribution to base-flow. The PS contribution to base-flow was calculated to be 57% of the total PS discharge in the Illinois River study. That percentage has been applied to these tables to calculate the total point source contribution. Table 6 shows that with a 50% reduction in NPS impacts at the Highway 59 Bridge, the 0.037 mg/l limit could be met by reducing the Rogers WWTP discharge to 0.25 mg/l (The other WWTPs would need to make an equivalent load reduction). Without a NPS reduction the Rogers WWTP discharge would need to be 0.05 mg/l. Table 7 uses the 50% NPS reduction and varies the base-flow discharge at the Highway 59 Bridge (as in wet and dry years) and using a 50% reduction in indirect NPS impacts calculates the required WWTP discharge concentration. It shows that the limits required are a function of base-flow discharges. Using the average value for the base-flow discharge at the Highway 59 Bridge to allocate loads would allow consistent WWTP discharge requirements that are not a function of weather changes. Table 8 uses the same values as Table 6 but increases the WWTP discharge by 50% as might occur in future plant expansions. These scenarios point out that if the average base-flow discharge remains at 7.8 m 3 /s, the plant discharge remains constant and a 50% reduction in indirect NPS impacts were achieved, the required WWTP discharge would be 0.25 mg/l. Further, it would need to be 0.17 mg/l with a 50% increase in WWTP discharge volume. It should be noted that the 2002 study determined that only 4% of the phosphorus applied to the watershed each year reached the river at the state line, less than 1% was estimated as indirect impact to the base-flow and the indirect impacts include both phosphorus applied during the year and phosphorus accumulated in the watershed. These facts point to the potential difficulty in reducing the indirect NPS impacts by 50%. /s). They also use the ratio determined in the 2002 study that found that the direct PS impact to base-flow was 57% of the total PS discharge (Table A9 in appendix). Table 9 uses the estimated indirect NPS contribution to base-flow of 910 kg/yr (base-flow load -57% PS load). The target concentrations used to estimate discharge concentrations range from 0.1 mg/l (the current Arkansas suggested value) to 0.02 mg/l. Table 9 shows the discharge concentration required to meet a target phosphorus concentration at current conditions varies from 0.19 mg/l to meet a 0.1 mg/l target to 0.01 mg/l to meet a 0.037 mg/l target. The 0.037 and 0.02 mg/l phosphorus targets are not achievable at current conditions. Table 10 varies the phosphorus target concentration with a reduction of indirect NPS loads by 50%. Table 10 shows that if indirect NPS impacts are reduced by 50% the range of discharge phosphorus concentrations rise to from 0.28 to -0.01 mg/l. Table 11 varies the target concentration with a reduction of indirect NPS loads and an increase in WWTP discharge by 50%. Table 11 shows that if WWTP discharge volumes are increased by 50% the required discharge concentrations fall to from 0.19 to -0.01 mg/l. Accurate partitioning of the sources of phosphorus in the watershed allows the calculation of the required discharge concentrations to meet a State-line concentration of 0.037mg/l. If NPS contributions to base-flows could be reduced by 50%, the discharge would need to be 0.25 mg/l. Future plant expansion or additional point source discharges in the watershed would require a lower effluent concentration.
In-stream total phosphorus level requirements to meet designated uses for the Osage Creek have not been determined. Potential target values range from 0.1 mg/l phosphorus to 0.006 mg/l. At 0.1 mg/l, a 50% reduction of NPS impacts to base-flows and a 50% increase in plant discharge volume the required concentration would be 0.19 mg/l. 
APPENDIX
